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http:WHAT THIS PAPER ADDS
Published results of hybrid treatment of thoracic, abdominal, and thoracoabdominal aneurysms are usually
satisfactory. This multicenter study shows the potentially poor results of this treatment and questions the
beneﬁt of this type of approach, especially in patients at high risk for conventional surgery. Careful and limited
selection of patients for hybrid treatment is suggested.Objectives: The aim of this study was to assess the results of hybrid techniques for the treatment of thoracic,
thoracoabdominal, and abdominal aortic aneurysms based on multicenter results and the various series
regarding hybrid procedures reported in the literature.
Methods: The results of 76 hybrid procedures performed in 19 French university hospital centers between
November 2001 and October 2011 were collected. There were 50 men and 26 women, mean age 68.2 (35e86)
years. All patients were considered at high risk (ASA  3) for conventional surgery. Aneurysms involved the
thoracic, abdominal, and thoracoabdominal aorta in ﬁve, 14, and 57 cases respectively. There were 11 emergent
repairs. The revascularization of four visceral arteries was performed in 38 cases. Between one and three visceral
arteries were revascularized in the other cases. Visceral artery debranching and stent graft deployment were
performed in a one-stage procedure in 53 cases and in a two-stage procedure in 23 cases.
Results: There were 26 (34.2%) postoperative deaths. Nine of the survivors developed paraplegia, of which one
resolved completely. Bowel ischemia occurred in 13 cases (17.1%), and one patient was treated by a superior
mesenteric artery bypass. Four patients required long-term hemodialysis. Postoperative computed tomography
scan showed a type II endoleak in two patients.
Conclusions: Morbidity and mortality in this study were greater than previously reported. Candidates for hybrid
aortic repair should be carefully selected.
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rysm (TAA) involving the visceral and renal arteries is still
associated with high mortality and signiﬁcant complications
of the spinal cord.1e6 Endovascular treatment of these
complex aortic lesions is not always possible. In such cases,
the use of a hybrid technique combining an endovascular
procedure with surgical revascularization of the visceral
arteries is required. The encouraging results of this tech-
nique, published in several reports that were obtained in
centers with limited experience,7,8 have led many surgical
Table 1. Demographic data for the 76 patients who underwent the hybrid procedure.
Center
no.
Case
no.
Sex Age Stage Date Emergency TA TAA Type AA Type Dissection Extension of
aneurysm
(mm)
CSF
drainage1 2
1 1 M 71 1 2001 0 0 1 3 0 0 0 130 0
1 2 M 75 1 2003 0 0 1 3 0 0 0 290 0
1 3 M 72 1 2003 0 0 1 3 0 0 0 216 0
1 4 M 42 1 2004 0 0 1 3 0 0 0 138 0
1 5 M 60 2 2004 2004 0 0 1 4 0 0 0 229 0
1 6 F 75 1 2005 0 0 1 3 0 0 0 138 0
1 7 F 86 1 2005 1 0 1 3 0 0 0 240 0
1 8 M 60 2 2006 2006 0 0 1 4 0 0 1 250 1
1 9 M 63 1 2006 0 0 1 3 0 0 1 250 1
1 10 M 78 1 2007 0 0 1 3 0 0 0 200 0
1 11 M 72 1 2007 0 0 1 4 0 0 0 280 0
1 12 F 69 2 2002 2002 1 0 1 4 0 0 0 200 0
2 13 F 71 1 2001 0 0 0 0 1 C 0 95 0
2 14 M 57 1 2003 1 0 1 3 0 0 0 116 0
2 15 M 60 1 2004 0 0 0 0 1 C 0 300 0
2 16 M 73 1 2006 0 0 1 3 0 0 0 250 0
2 17 F 72 1 2006 1 0 0 0 1 C 0 200 1
2 18 M 74 1 2007 0 0 1 4 0 0 0 250 1
2 19 F 81 1 2007 1 0 1 4 0 0 0 250 0
2 20 M 68 1 2008 0 0 1 3 0 0 0 350 1
2 21 F 81 1 2008 0 0 1 3 0 0 1 130 0
3 22 M 71 1 2008 0 0 1 3 0 0 0 160 0
3 23 M 64 1 2009 0 0 0 0 1 C 0 155 0
3 24 F 35 2 2009 2010 0 0 1 3 0 0 0 70 0
3 25 M 75 1 2010 0 0 1 4 0 0 0 255 0
3 26 F 81 1 2011 0 0 1 3 0 0 0 100 0
3 27 M 76 1 2009 1 0 1 3 0 0 0 357 0
4 28 F 79 1 2004 1 0 0 0 1 C 0 100 0
4 29 M 71 2 2006 2007 0 0 0 0 1 C 0 110 0
4 30 F 57 2 2008 2008 0 1 0 4 0 0 0 250 0
4 31 M 72 2 2010 ND 0 0 1 4 0 0 0 80 0
4 32 F 73 2 2011 2011 1 0 1 3 0 0 0 250 0
5 33 M 63 1 2007 0 0 1 3 0 0 0 250 0
5 34 M 78 1 2007 0 0 1 3 0 0 0 240 0
5 35 M 68 1 2008 0 0 1 3 0 0 0 190 0
5 36 M 73 1 2008 0 0 1 2 0 0 0 460 0
5 37 F 81 1 2008 0 0 1 3 0 0 0 300 0
6 38 F 68 1 2006 0 0 1 3 0 0 0 320 0
6 39 M 55 1 2007 0 1 0 4 0 0 0 400 0
6 40 M 69 1 2007 0 0 0 0 1 C 0 58 0
6 41 M 78 2 2009 ND 0 0 1 4 0 0 0 248 0
6 42 F 71 2 2008 2008 0 0 1 4 0 0 0 500 0
7 43 F 51 1 2008 0 0 0 0 1 C 0 100 0
7 44 M 85 1 2006 0 0 1 3 0 0 0 250 0
7 45 M 74 1 2006 0 0 1 4 0 0 0 220 0
7 46 M 65 1 2003 0 0 1 4 0 0 1 231,0 0
8 47 M 67 1 2004 0 0 1 3 0 0 0 140 0
8 48 F 77 1 2005 0 0 1 4 0 0 0 230 0
8 49 M 80 1 2005 0 0 0 0 1 C 0 160 0
8 50 M 75 1 2007 0 0 1 4 0 0 0 200 0
9 51 M 59 1 2006 0 0 0 0 1 C 0 240 0
9 52 M 61 1 2007 0 0 1 3 0 0 0 137 0
9 53 M 72 1 2007 1 0 1 4 0 0 0 443 0
9 54 F 73 2 2008 2008 0 1 0 4 0 0 0 250 0
10 55 F 69 2 2008 2008 0 0 1 4 0 0 1 150 1
10 56 M 72 1 2009 0 0 1 4 0 0 0 200 0
10 57 M 73 1 2009 0 0 0 0 1 B 0 110 0
10 58 M 66 2 2007 2007 0 0 1 3 0 0 1 250 0
Continued
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Table 1-continued
Center
no.
Case
no.
Sex Age Stage Date Emergency TA TAA Type AA Type Dissection Extension of
aneurysm
(mm)
CSF
drainage1 2
11 59 F 56 2 2006 2007 0 0 1 4 0 0 0 600 0
11 60 M 73 2 2008 ND 0 1 0 4 0 0 1 400 0
11 61 M 61 1 2008 0 0 1 3 0 0 0 170 0
12 62 M 71 1 2006 0 0 1 4 0 0 0 202 0
12 63 M 61 2 2007 2007 0 0 0 0 1 C 0 120 0
12 64 F 55 2 2008 2008 0 0 0 0 1 C 1 144 0
13 65 F 58 2 2006 2006 0 0 0 0 1 C 0 120 0
13 66 M 78 1 2008 0 0 1 3 0 0 0 152 0
13 67 F 61 1 2008 0 0 1 4 0 0 0 315 1
14 68 M 70 2 2007 2007 0 0 1 3 0 0 0 300 1
14 69 F 71 1 2008 1 0 1 4 0 0 0 310 1
15 70 F 59 2 2007 0 0 1 3 0 0 0 340 0
15 71 M 56 2 2007 ND 0 0 1 4 0 0 0 300 0
16 72 M 60 1 2004 0 0 1 1 0 0 0 230 0
16 73 M 58 2 2007 2007 0 1 0 4 0 0 0 470 0
17 74 M 58 1 2008 1 0 1 3 0 0 0 100 0
18 75 F 61 1 2005 0 0 1 4 0 0 1 150 0
19 76 M 81 2 2009 2009 0 0 1 3 0 0 0 349 1
Note. AA ¼ abdominal aneurysm; M ¼ male; F ¼ female; ND ¼ not done; TA ¼ thoracic aneurysm; TAA ¼ thoracoabdominal aneurysm.
472 E. Rosset et al.teams to consider hybrid TA, AA, or TAA management in
patients considered at risk for conventional surgery because
of their age or comorbidities. This multicenter study reports
the initial results of this technique from 19 French univer-
sity hospital centers.Table 3. Number of bypass grafts per patient.
Number of bypass graft n %
0 1 1.3
1 6 7.9
2 13 17.1MATERIAL AND METHODS
The results of a retrospective multicenter study involving 19
metropolitan French university hospital centers of vascular
surgery that used the hybrid procedure to treat patients
with TA, TAA or AA between 1 November, 2001, and 31
October, 2011 is reported. All the centers were members of
the “Association of University Research in Surgery” (AURC)
and they met twice a year in order to make a selection of
patients, surgical management and postoperative care as
homogeneous as possible.
Each case was considered according to intention to treat
(ITT) principles. Data were collected via questionnaires sent
by the AURC and from operative reports of the hybrid
surgery. Data were stored on a password protected Micro-
soft Excel spreadsheet. Data analysis was performed inTable 2. Patient risk factors and comorbidities.
Comorbidities n %
Hypertension 56 80
Dyslipidemia 24 34.3
Active smoker 13 18.6
Weaned smoker 28 40
Diabetes mellitus 6 8.6
Chronic renal failure 5 6.5
Hemodialysis 1 1.4
Acute coronary syndrome 13 18.6
Chronic obstructive pulmonary disease 5 6.5
Atrial ﬁbrillation 4 5.7
Obesity 5 7.1Clermont-Ferrand (SBA, GG, and ER). The chi-square test
was used for statistical analysis. A p value <.05 was
considered statistically signiﬁcant.
Seventy-six hybrid procedures were performed over 10
years in the 19 centers participating in the study, with an
average of four procedures per center (range 1e12). Table 1
shows the distribution of cases by center and demographic
data. A high-volume center was deﬁned as a center which
had performed ﬁve or more hybrid procedures and a low-
volume center as one that had performed fewer than
ﬁve. There were six high-volume centers that included 42
patients and 13 low-volume centers that included 34
patients.
There were 50 men and 26 women, with an average age
of 68.2 years (range 35e86 years).3 16 21
4 38 50
5 2 2.6
Table 4. Stent graft manufacturers.
Manufacturer of endograft Numbers
Cooka 31
Medtronica 31
Gore 8
Bolton 3
Home made 1
Note. Only 72 patients were treated by stent graft: four died
before stent graft deployment.
a Two patients with one Cook and one Medtronic endoprotheses.
Table 5. Morbidity and mortality of each patient who underwent the hybrid procedure.
Center
no.
Case
no.
Sex Age Stage Emergency TA TAA AA Extension
of
aneurysm
CSF
drainage
Paraplegia Bowel
ischemia
ARF Dialysis Death
1 1 M 71 1 0 0 1 0 130 0 0 1 0 0 1
1 2 M 75 1 0 0 1 0 290 0 0 0 0 0 1
1 3 M 72 1 0 0 1 0 216 0 0 0 0 0 0
1 4 M 42 1 0 0 1 0 138 0 0 0 0 0 0
1 5 M 60 2 0 0 1 0 229 0 0 0 0 0 0
1 6 F 75 1 0 0 1 0 138 0 0 0 0 0 1
1 7 F 86 1 1 0 1 0 240 0 0 1 0 0 1
1 8 M 60 2 0 0 1 0 250 1 0 0 1 1 1
1 9 M 63 1 0 0 1 0 250 1 0 0 1 1* 1
1 10 M 78 1 0 0 1 0 200 0 0 0 0 0 0
1 11 M 72 1 0 0 1 0 280 0 0 0 0 0 1
1 12 F 69 2 1 0 1 0 200 0 0 0 0 0 1
2 13 F 71 1 0 0 0 1 95 0 0 0 0 0 0
2 14 M 57 1 1 0 1 0 116 0 0 0 1 1 0
2 15 M 60 1 0 0 0 1 300 0 0 0 0 0 0
2 16 M 73 1 0 0 1 0 250 0 0 0 0 0 0
2 17 F 72 1 1 0 0 1 200 1 0 0 0 0 0
2 18 M 74 1 0 0 1 0 250 1 0 0 0 0 0
2 19 F 81 1 1 0 1 0 250 0 0 0 0 0 0
2 20 M 68 1 0 0 1 0 350 1 1 0 0 0 0
2 21 F 81 1 0 0 1 0 130 0 0 0 1 0 0
3 22 M 71 1 0 0 1 0 160 0 0 0 0 0 0
3 23 M 64 1 0 0 0 1 155 0 0 0 1 0 0
3 24 F 35 2 0 0 1 0 70 0 0 0 0 0 0
3 25 M 75 1 0 0 1 0 255 0 0 1 1 0 0
3 26 F 81 1 0 0 1 0 100 0 0 0 0 0 0
3 27 M 76 1 1 0 1 0 357 0 0 0 1 1 0
4 28 F 79 1 1 0 0 1 100 0 0 0 1 1 0
4 29 M 71 2 0 0 0 1 110 0 0 0 1 1 0
4 30 F 57 2 0 1 0 0 250 0 0 0 0 0 0
4 31 M 72 2 0 0 1 0 80 0 0 0 1 1* 1
4 32 F 73 2 1 0 1 0 250 0 0 0 0 0 0
5 33 M 63 1 0 0 1 0 250 0 0 0 0 0 0
5 34 M 78 1 0 0 1 0 240 0 0 0 0 0 0
5 35 M 68 1 0 0 1 0 190 0 0 1 0 0 1
5 36 M 73 1 0 0 1 0 460 0 0 1 0 0 1
5 37 F 81 1 0 0 1 0 300 0 1 1 0 0 0
6 38 F 68 1 0 0 1 0 320 0 0 0 0 0 0
6 39 M 55 1 0 1 0 0 400 0 1 0 0 0 0
006 40 M 69 1 0 0 0 1 58 0 0 0 0 0 0
6 41 M 78 2 0 0 1 0 248 0 0 0 0 0 1
6 42 F 71 2 0 0 1 0 500 0 0 0 1 1 1
7 43 F 51 1 0 0 0 1 100 0 0 1 0 0 1
7 44 M 85 1 0 0 1 0 250 0 0 0 0 0 0
7 45 M 74 1 0 0 1 0 220 0 1 0 1 0 0
7 46 M 65 1 0 0 1 0 231 0 1 0 0 0 0
8 47 M 67 1 0 0 1 0 140 0 0 1 0 0 1
8 48 F 77 1 0 0 1 0 230 0 0 1 0 0 1
8 49 M 80 1 0 0 0 1 160 0 0 1 1 1 1
8 50 M 75 1 0 0 1 0 200 0 0 1 0 0 1
9 51 M 59 1 0 0 0 1 240 0 0 1 0 0 0
9 52 M 61 1 0 0 1 0 137 0 1 0 1 0 0
9 53 M 72 1 1 0 1 0 443 0 0 0 1 0 1
9 54 F 73 2 0 1 0 0 250 0 1 0 0 0 1
10 55 F 69 2 0 0 1 0 150 1 0 0 0 0 0
10 56 M 72 1 0 0 1 0 200 0 0 0 0 0 1
10 57 M 73 1 0 0 0 1 110 0 0 0 0 0 1
10 58 M 66 2 0 0 1 0 250 0 0 0 1 1* 0
Continued
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Table 5-continued
Center
no.
Case
no.
Sex Age Stage Emergency TA TAA AA Extension
of
aneurysm
CSF
drainage
Paraplegia Bowel
ischemia
ARF Dialysis Death
11 59 F 56 2 0 0 1 0 600 0 1 0 0 0 0
11 60 M 73 2 0 1 0 0 400 0 0 0 0 0 1
11 61 M 61 1 0 0 1 0 170 0 0 0 1 1 0
12 62 M 71 1 0 0 1 0 202 0 0 0 0 0 1
12 63 M 61 2 0 0 0 1 120 0 0 0 1 0 0
12 64 F 55 2 0 0 0 1 144 0 0 0 1 0 0
13 65 F 58 2 0 0 0 1 120 0 0 0 0 0 0
13 66 M 78 1 0 0 1 0 152 0 0 0 1 1 1
13 67 F 61 1 0 0 1 0 315 1 1 0 1 1* 0
14 68 M 70 2 0 0 1 0 300 1 0 0 0 0 0
14 69 F 71 1 1 0 1 0 310 1 0 0 0 0 0
15 70 F 59 2 0 0 1 0 340 0 0 0 0 0 0
15 71 M 56 2 0 0 1 0 300 0 0 1 0 0 1
16 72 M 60 1 0 0 1 0 230 0 0 0 0 0 0
16 73 M 58 2 0 1 0 0 470 0 0 0 0 0 0
17 74 M 58 1 1 0 1 0 100 0 0 0 0 0 0
18 75 F 61 1 0 0 1 0 150 0 0 0 0 0 0
19 76 M 81 2 0 0 1 0 349 1 0 0 1 1 0
Note. AA ¼ abdominal aneurysm; ARF ¼ acute renal failure; M ¼ male; F ¼ female; ND ¼ not done; TA ¼ thoracic aneurysm;
TAA ¼ thoracoabdominal aneurysm.
* Long-term hemodialysis.
474 E. Rosset et al.All patients were considered at high risk for conventional
aortic surgery due to their age, comorbidities or past history
of aortic surgery. High risk was deﬁned as patients ASA 3,
according to Boyd and Jackson’s review.9 The comorbidities
of the patients are shown in Table 2. Approximately 19% of
patients had coronary artery disease and 59% had a history
of smoking. One patient was dialyzed. Half of the patients
had had a hostile aortic approach: eight (10.5%) had un-
dergone previous thoracic aortic surgery and 27 (35.5%)
previous abdominal aortic surgery.
Aneurysms involved thoracic, abdominal, and thor-
acoabdominal aorta in ﬁve, 14, and 57 cases respectively.
One aneurysm was associated with Takayasu’s disease, nine
were secondary to aortic dissection, and 66 were due to
atheroma, of which 54 were TAAs. There was one Crawford
type II, 33 type III, 28 type IV, 13 type C juxtarenal and one
type B AAs.10 One of the TAAs involved the aortic arch and
was treated by hybrid restoration of the supra-aortic trunk.
Patients were treated in a single stage or in two stages.This
choicewas left to the discretion of the surgeon at each center.
The average diameter of the aneurysmal aorta was
69.96 mm (range 55e120 mm) as assessed on preoperative
computed tomography (CT) scans. Eleven patients (14.5%)
underwent emergency surgery.
A one-stage hybrid procedure was performed in 53 cases
(69.7%) and a two-stage procedure in 23 (30.3%). In the
latter patients, the average time between the two in-
terventions was 59 days (range 3e195 days).
Cerebrospinal ﬂuid (CSF) drainage was left to the
discretion of the individual surgeon and center. Owing to
the iatrogenic risk and the lack of consensus, the anes-
thetists were usually reluctant to perform it.11,12 It was not
routinely performed in all the centers and only in 10patients (13.1%) preoperatively. The average extension of
the aneurysm in this group was 272.4 mm. In one case,
CSF pressure was evaluated by preoperative intracranial
pressure monitoring. Five patients had CSF drainage in
both the high (11.9%) and low-volume centers (14.7%),
(p ¼ NS). All visceral revascularizations were performed by
laparotomy except in one patient who underwent thoraco-
phreno-lumbotomy. In this case, the decision to perform a
hybrid procedure rather than open surgery was based on
the patient’s high risk for surgery (severe coronary disease,
cardiac, respiratory and renal failures, obesity) and the
choice of the descending thoracic aorta as the inﬂow site
for antegrade visceral artery bypass.
Forty patients (52.6%) underwent total visceral and renal
revascularization. Among them, two had bypass surgery for
three major renal arteries. Thirty-ﬁve patients (46%) under-
went revascularization of one to three visceral and renal ar-
teries (Table 3). In one patient it had originally been intended
to perform a hepatic artery bypass but the decision was
altered when, after placement of the stent in a type III
aneurysm extending to the celiac trunk, angiography showed
recovery of reverse ﬂow in the celiac trunk from the superior
mesenteric artery. Nevertheless, a laparotomy was per-
formed and the celiac artery was ligated at its origin.
All but one of the grafts were synthetic (one aorto-
hepatic bypass using the saphenous vein). The proximal
origin of these bypasses was the thoracic or abdominal
aorta in 25 patients, the iliac arteries in 33, and aortic or
iliac synthetic graft in 17. Left spleno-renal bypass was
performed in one patient.
Table 4 shows a breakdown of the different endografts
used, which are representative of the models available in
France during the period 2001e2011.
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Table 5 shows the morbidity and mortality of each patient
in the study. Twenty-six deaths occurred in the post-
operative period. The overall mortality rate was 34.2%. The
causes of death are shown in Table 6. In the one-stage
hybrid procedure group, the overall mortality rate was
34% (18 deaths in 53 cases). On an ITT basis, this rate was
34.8% for completion in two stages (8 deaths in 23 cases).
In the two-stage hybrid procedure group, the mortality rate
after the ﬁrst stage was 17.4% (4 deaths in 23 cases). The
mortality rate was 30.9% (13 deaths) in the high volume
center versus 38.2% (13 deaths) in the low volume centers
(p ¼ NS). On average, deaths occurred around the 30th
postoperative day (range 0e113 days). Three of the 11
patients who underwent emergency surgery died between
the 3rd and 99th postoperative day. The remaining eight
patients who underwent emergency surgery survived
without any sequelae. During the past 5 years, the average
mortality rate was 32.6%, which was not statistically
different compared to the overall mortality rate.
Nine patients (12.8%) had paraplegia (totally resolved in
one case) following the hybrid procedure. The average
extension of the aneurysm in this group of patients was
311.4 mm. In seven cases, paraplegia occurred after the
one-stage procedure and in two cases in the two-stage
procedure group (p ¼ .19 NS). Of these nine patients,
only two underwent CSF monitoring (p ¼ .24 NS). One had
a non-resolving paraplegia (length of aneurysm 350 mm)
and the other a partially resolved paraplegia (extension of
aneurysm 315 mm). There were three cases of paraplegia
(7.1%) in high-volume centers versus six (17.6%) in low
volume centers (p ¼ NS). Complete resolution of paraplegia
was observed in a patient without CSF drainage. Over the
past 5 years, the average paraplegia rate was 13.0%, and
not statistically different compared to the overall paraplegia
rate.
All patients underwent a follow-up CT scan
postoperatively.
Aneurysm exclusion was achieved in 97.3% of cases. Type
I endoleaks led to the deaths of two patients shortly after
surgery, between the ﬁrst and third months. One of the two
patients had a compassionate hybrid procedure. This pa-
tient required another hybrid procedure, with supra-aortic
trunk debranching, to treat the endoleak and was at very
high risk for a further hybrid procedure surgery. Therefore,
no treatment was offered for the endoleak. The secondTable 6. Causes of the 26 deaths.
Cause N %
Multisystem organ failure 10 13.1
Visceral ischemia 5 6.5
Aneurysm rupture 4 5.2
Stroke 3 3.9
ARDS 2 2.6
Acute pancreatitis 1 1.3
Heart rhythm disorder 1 1.3
ARDS ¼ acute respiratory distress syndrome.patient underwent other endovascular procedures with
graft extensions 2 days and 6 weeks after the hybrid pro-
cedure to treat the endoleak, and subsequently died
following aneurysm rupture 3 months after the hybrid
procedure. Two type II endoleaks, where no intervention
was performed because the aneurysmal lesion remained
stable, were also observed. The four patients who did not
undergo grafting died, two from a ruptured aneurysm and
two as a result of a severe multiple organ dysfunction
syndrome (MODS) following the ﬁrst procedure.
Twenty-two patients (28.9%) had postoperative acute
renal failure. Fourteen patients (18.4%) underwent dialysis
postoperatively to correct severe renal impairment. Four
(5.2%) still required dialysis long after the procedure was
performed. Eight patients (19.0%) underwent dialysis in the
high-volume centers versus six (17.6%) in the low-volume
centers (p ¼ NS).
The overall bowel ischemia rate was 17.1% (13 patients).
There were six cases of postoperative bowel ischemia
(14.2%) in the high-volume centers and seven (20.5%) in the
low-volume centers (p ¼ NS).
Graft patency was satisfactorily achieved. Of 242 grafts
performed in this series postoperative follow-up CT scan
showed that only two bypasses between an iliac artery and
a renal artery were occluded. In one case the occlusion had
no effect on renal function while the other developed
MODS.Figure 1. (A) Stenosis occurred in the left iliac system upstream
from visceral artery revascularization: intestinal ischemia success-
fully treated by angioplasty and stenting of the iliac artery (B).
476 E. Rosset et al.Mean follow-up was 30 months (range 2e78 months).
One patient died 3 months after surgery from a non-
Hodgkin’s lymphoma diagnosed preoperatively. Athero-
sclerotic stenosis occurred on the left iliac axis upstream
from the implementation of a mesenteric, hepatic, and left
renal bypass. The patient had symptoms of intestinal
angina, which decreased after angioplasty and bypass graft
of the stenosed iliac artery (Fig. 1). Another patient had a
stenosis resulting from myointimal hyperplasia of a hepatic
bypass. The lesion was treated by transluminal angioplasty.
Visceral artery revascularization remained patent in all
surviving patients.DISCUSSION
The results of this multicenter study are not satisfactory
since the rates of mortality and spinal cord complications
were greater than those reported in the literature (Table 7).
In 2006, Saint Mary’s hospital in London reported a mor-
tality rate of 13% and no spinal complications.18 In a liter-
ature review conducted in 2009 by Farber et al.,20 which
included 182 hybrid procedures, the mortality rate was
11.9% and spinal complication rate 6.6%.
The multicenter nature of our study is a major explana-
tion for the high mortality and spinal complications rates
observed. Nineteen centers participated in the study, but
more than half of the procedures were performed in six
centers, which each treated more than four patients
(Table 1). Surprisingly, the mortality rate was very high in
one of the centers with the greatest experience of this
technique (8 deaths in 12 patients). Postoperative mortality
between centers varied between 0 to 100%, which clearly
indicates that the criteria used to consider hybrid aortic
reconstruction differed from center to center. Among the
centers involved in the study, some routinely performed
conventional open surgery for TAAs while others preferred
to consider preferential treatment with fenestrated or
branched endografts. Under these conditions, a number of
hybrid reconstructions were considered on compassionate
grounds as an alternative to the no-therapy approach, when
patients were not eligible for the preferred procedure of
each center.
Two type I endoleaks, unresponsive to any endovascular
solution, occurred in patients with a short proximal neckTable 7. Results of hybrid repair for thoracoabdominal aortic aneurysm
First author Year n 30-day
mortality (%)
Lee et al.13 2007 17 24
Böckler et al.14 2008 28 14.3
Chiesa et al.15 2009 31 19.4
Quiñones-Baldrich et al.16 2009 20 0
Kuratani et al.17 2010 86 2.3
Cochennec et al.18 2011 81 11.8
Hughes et al.19 2012 47 8.5
AURC 2013 76 34.2
AURC ¼ Association of University Research in Surgery.and in a compassionate context where it was not possible
to consider aggressive therapy. In the two other cases, a
rupture of the aneurysm occurred before endograft
implantation.
In one case treatment using a branched graft would have
been performed if the processing time had been shorter.21
It is also likely that, because of good initial published re-
sults, a number of patients were treated in centers that only
occasionally manage TAAs, with a lack of experience that
gave rise to complications.
Conversely, when the choice of a hybrid technique was
routinely performed in selected patients an analysis of the
literature showed satisfactory results. In 2010, Kuratani
et al.17 reported a series of 86 patients treated by a hybrid
procedure with a mortality rate of 2.3% and only one
transient spinal complication. In their center, all patients
with a TAA (excluding infected lesions) were treated elec-
tively by a hybrid procedure. Moreover, they were selected
so that the graft was able to provide a satisfactory exclusion
of the aneurysmal lesion.
Eight deﬁnite spinal complications (11.4%) were observed
in this series, a rate that is close to that recently published
by St Mary’s hospital (10%).18 In this study, these compli-
cations were mainly observed in patients with an extended
aneurysmal lesion and in whom extensive treatment of the
thoracoabdominal aorta had been performed. Paradoxically,
however, some patients treated for extensive lesions
experienced no spinal complications, which is further evi-
dence, as previously observed by Donas et al.,22 of the
importance of hemodynamic factors in the incidence of
these complications.
In this series there was no signiﬁcant correlation
(p ¼ .19) between the practice of CSF drainage and the
occurrence of a complication, although seven cases of
medullary paraplegia were observed in patients undergoing
one-stage hybrid treatment (14.2%) and two when the stent
was placed in a two-stage procedure (9.5%). Kuratani
et al.17 reported a series of 86 TAAs treated with a hybrid
two-stage procedure, including routine drainage of CSF,
with no deﬁnite spinal complication.
The arguments in favor of a two-stage treatment are
based mainly on the reduction of postoperative complica-
tions resulting from reduced operating time, hypothermia,
renal risk due to clamping, and the use of a contrast agents.
Paraplegia (%) Follow-up (months) Patency (%)
0 8 96
16 22 89
3.2 11.9 93.2
6.6 16.6 100
0 88.5 98.8
10 17 94
0 19.3 97
11.8 30 99.14
Figure 3. Revascularization from two iliac arteries: right iliorenal
bypass. Trifurcated bypass from the left iliac artery to revascularize
the left renal artery, the superior mesenteric artery and the he-
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operative low ﬂow, which often causes secondary multiple
system organ failure.
The main disadvantage of the two-stage treatment is the
risk of aneurysmal rupture in the interval between the two
interventions. This is why some teams advocate rapid
completion of the second operation.19 This type of rupture
occurred in two patients in this series. The two-stage pro-
cedure should be preferred in patients with a seemingly
stable aneurysmal lesion.
Another advantage of the one-stage procedure is that
graft patency and integrity can immediately be veriﬁed after
stent deployment.18 However, our results and those re-
ported in the literature (Table 7) show a satisfactory
patency rate of visceral reconstruction in both one and two-
stage procedures.
The patency of visceral reconstruction depends essen-
tially on the location chosen for the proximal anastomosis.
The ideal situation is to have a proximal anastomosis from
the infrarenal aorta or from an aortic graft (Fig. 2). If this is
not possible, the bypass can be performed from the best
iliac artery. When both iliac arteries are of good quality, the
experience at Clermont-Ferrand, is to revascularize the right
kidney from the right iliac artery and the left kidney and
visceral arteries from the left iliac artery (Fig. 3). This
approach has the advantage of not compromising all the
bypasses in the event of a deterioration of an iliac artery
(Fig. 1). Furthermore, the low probability of developing apatic artery.
Figure 2. Revascularization of four visceral arteries from an aorto-
aortic graft in a patient with a type I thoracoabdominal aneurysm.
Computed scan postoperatively.distal type I endoleak justiﬁes the choice of the iliac arteries
for the proximal anastomosis.22CONCLUSION
The hybrid technique for the treatment of TA, AA, and TAA
is not easy to perform. It is associated with high morbidity
and mortality in non-selected patients, whereas in the
literature good results have been reported in selected pa-
tients. The indications for hybrid surgery must be carefully
deﬁned in order to avoid subsequent severe morbidity and
mortality. Hybrid surgery is a useful technique in very
special cases of aneurysms involving visceral or renal ar-
teries when conventional surgery cannot be considered. It is
likely that the indications are very similar to those for
fenestrated or branched endografts, which are currently
being evaluated,23 and where the processing time is still
extensive.
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